Abstract. Trace elements including Cu, Fe, Zn, Mg and Ca were determined in scalp hair of epileptic and healthy residents in Eiazig, Turkey. The analyses were carried out by flame atomic absorption spectrometry (FAAS). To assess the best dissolution method, wet and mierowave digestion procedures were examined. Various parameters that influence the sample preparation such as digestion time, kind of solvent and ratio of acid mixture were studied. The concentrations of Cu, Fe, Zn, Mg and Ca in scalp hair of 22 subjects with epilepsy were compared with those in 23 healthy control subjects. The hair of subjects with epilepsy showed significant lower levels of Cu and Fe for male and female groups, and Mg for female group, when compared with control group. No differences were observed between the two groups for Zn concentrations. The mean levels of Ca in the hair of the epileptic group were quite close to the control group for both male and female subjects. The differences between control and those with epilepsy groups could be of particular interest for the investigation of the cause of epilepsy. Furthermore, it was found that the ratios of Cu/Fe for the epilepsy group were higher than for the normal group, at least 1.5-times. The results obtained were compared with corresponding data reported in the literature.
Introduction
Scalp hair has been used over previous decades to assess human systemic levels of elements. Hair is widely accepted for assessing the toxic element exposure as well as an indicator of biological or medical conditions. Although using hair to assess essential elements is more controversial, researchers have found many correlations among essential elements and diseases, metabolic disorders, environmental exposures, and nutritional status. Compared to other types of clinical specimens, hair has different uses and even advantages over blood or urine. Determination of minerals in hair can also provide information about a human's energy level, immune system, carbohydrate tolerance, emotional balance, and glandular activity. As a result, there has been growing interest in the use of trace element concentrations in human hair for monitoring the body burden of trace elements because hair is a stable tissue, easy to sample, transport, store and analyze [Bass et al. 2001 , DeAntonio et al. 1982 , Gibson 1984 , Klevay et al. 2004 , Rao etal. 2002 , Shah et al. 2006 .
Trace elements are naturally present in hair, but can be present as a result of external contamination. To minimize external contamination, analysts usually wash hair samples by using various solvents including acetone, isopropanol and non-ionic detergent such as 0.3% Triton-X-100 before analysis (except in some criminalistic applications) [Pereira et al. 2004 , Ryan et al. 1978 , Shrestha and Carrera 1988 , Shrestha and Oswaldo 1987 , Sky-Peck 1990 , Tuthill 1996 .
The controversial results on hair trace element results can be attributed to the differences in digestion and determination procedures, sampling, used chemicals, external contamination, age, sex, and geographic origin, etc. Many of these drawbacks might be minimized by adopting correct sampling, digestion and determination processes.
Sky- Peck [1990] reported mean Ca, Zn, Fe and Cu levels of 501, 189, 14 and 20 ng/g in the hair of healthy males (n = 455), and 1280,194,12 and 24 ng/g, respectively, in the hair of healthy females (n = 512). Wecker et al. [1985] reported mean levels of 841, 177, 166,32 and 26 ng/g Ca, Mg, Zn, Fe and Cu in the hair of the control children group (n = 21), and 304,31, 128,27 and 12 ng/g Ca, Mg, Zn, Fe and Cu, respectively, in the hair of leaming disabled (autistic) children (n = 12). Shrestha and Carrera [1988] reported mean Ca, Mg, Zn, Fe and Cu contents of 704, 120, 182, 40 and 11 |xg/g in the hair of the control children group (n = 37), while the same metals was reported in mean contents of 1, 145, 84, 182, 19 and 8 |ig/g, respectively, in the hair of children (n = 40) with mental retardation disease.
Epilepsy is a common neurological disorder, caused by excessive neuronal discharges. The symptoms of epilepsy can be produced by protein abnormalities in the nervous system. Among the major categories of epilepsy those due to toxic factors and metabolic disturbances have been mentioned. Briefly, imbalance in some of the essential trace elements in human organs might provide some useful information about this neurological condition which remains to be ascertained [Shrestha and Oswaldo 1987] .
In this respect, analytical techniques with high sensitivity, sufficient reproducibility and accuracy are required for detection of these metals. For this purpose, methods such as flame atomic absorption spectrometry (FAAS), electrothermal atomic absorption spectrometry (ETAAS), inductively coupled plasma atomic emission spectrometry (ICP-AES), anodic stripping voltametry (ASV), differential pulse polarography (DPP), and inductively coupled plasma mass spectrometry (ICPr MS) have been commonly used.
In our laboratory, FAAS together with slotted tube atom trap (STAT) as accessory to improve the sensitivity has been successfully used for the determination of very low levels (ng/ml) of various metals in different matrices such as soil, water, biological, food, fruit, and vegetable samples [Pineiro et al. 2007 , Yaman 1999 , 2005 , Yaman and Akdeniz 2004 , Yaman and Cokol 2004 . Related with digestion procedures, various acid mixtures were examined in microwave and wet digestion methods [Pineiro et al. 2007 , Yaman and Akdeniz 2004 , Yaman and Cokol 2004 . The best results were obtained with the acid mixture of 1:1 HNO3/H2O2 in microwave oven digestion.
The purpose of this study is to investigate whether there is a correlation between essential trace elements in scalp hair of epilepsy and healthy groups. The trace elements contents of the hair of 22 epilepsy subjects with those of 23 controls have been discussed and compared. Five essential elements were determined by FAAS. The parameters for digesting hair samples were optimized and the mixture of HNO3/H2O2 (1:1) in microwave oven was choosen.
Experiment

Apparatus
An ATI UNICAM Model 929 flame atomic absorption spectrophometer (FAAS), equipped with ATI UNICAM hollow cathode lamps and deuterium background correction, was used for the determination. The optimum conditions for FAAS are given in Table  1 . The other apparatus were microwave oven (Kenwood, Hanvant, UK) magnetic stirrer (Velp Scientifica, Usmate, Italy), centrifuge (Hettich EBA III, Bach, Switzerland) and slotted tube atom trap (STAT) for improving sensitivity of Cu in FAAS. Unless stated otherwise, all chemicals (Merck, Darmstadt, Germany) used were of analytical-reagent grade. Throughout all analytical work, double distilled water was used. All glassware (Pyrex, Charleroi, PA, USA) was kept permanently fiall of 1 M nitric acid when not in use. As a non-ionic detergent, Triton-X-100, was used for washing hair samples. In digestion procedures, concentrated HNO3 (65%), H2O2 (35%) and HCIO4 (70%) were used from Merck (Merck, Darmstadt, Germany).
Reagents
Stock solutions of elements (1,000 mg/1) were prepared by dissolving their nitrate salts in 0.5 M HNO3 solution. For this purpose, 0.3804 g Cu(NO3).3.H2O, 0.4548 g Zn(NO3).6.H2O, 0.5460 g Fe(NO3).7.H2O, 0.6160 g Mg(NO3)2, and 0.2502 g Ca(NO3)2 were dissolved in 100 ml of 0.5 M HNO3 solution.
Coiiection of sampies
A total of 22 samples of scalp hair (5 males and 17 females) of epileptic patients from the public hospitals of Eiazig, Turkey, were collected. As a control group, 23 scalp hair samples of apparently healthy people living in Eiazig were also collected.
All samples were collected by hair clipping near the scalp with stainless steel scissors and stored in plastic bags, which were identified by name, age, and sex.
Preparation of sampies
The hair samples were cut into pieces. After the samples were washed with Triton-X-100 solution, they were cleaned with distilled water. This process was repeated three times. Then, the sample was dried in a dust-free hot air oven at 85 °C up to constant weight. The dried samples were digested by wet and/or microwave digestion procedures.
Three subsamples of each sample were treated by the same way for the digestion treatment and these were run separately.
Wet digestion procedure
The composition of acid mixture (HNO3/ H2O2) was changed during the mineralization of 60 mg hair sample. The acid mixture was allowed to react slowly at room temperature to prevent foaming. The mixture was heated until obtaining clear solution, near to dryness. Then, 2 ml of 1.5 M HNO3 was added to the mixture. The mixture was centrifuged and the clear solution was analyzed by FAAS. The blank digests were carried out in the same way.
Microwave digestion procedure
The composition of acid mixture (HNO3/ H2O2) was changed during the mineralization of the hair sample, using 450 W for 6 min. The microwave digestion procedure is carried out as described by Yaman and Akdeniz [2004] and by Yaman and Cokol [2004] . A powercontrolled microwave oven was used for this purpose.
The dried hair sample of 60 mg was transferred to a Teflon bomb. The bomb was closed, placed inside the microwave oven, and 1 ml of 1:1 HNO3/H2O2 mixture was added. The microwave radiation was carried out by applying 450 W for 6 min. After a 4-min cooling period, the mixture was dried on a hot plate. Then, 2.0 ml of 1.5 M HNO3 was added and the mixture transferred to the Pyrex tube (Pyrex, Charleroi, PA, USA). After centrifugation, the clear solution was analyzed by FAAS. The blank digests were carried out in the same way.
Results and discussion
Anaiyticai performance
The accuracy of the method was studied by examining the recovery of the elements from hair samples fortified with these elements. The following metal amounts were added: 200 ng/g of Ca, 100 ^g/g of Mg, 50 ng/g of Zn, 4 |ig/g of Fe and 4 |xg/g of Cu. After digestion as mentioned above, the recoveries were found to be at least 90% for all studied elements.
The possibility of sample contamination was examined by subtracting the values obtained for blanks. Adsorption losses can be excluded as the procedure was followed in exactly the same way, using the same glassware and the same reagents throughout the work. The results showed that there was no contamination or adsorption loss at the studied conditions. Levels of the elements including Ca, Mg, Zn, Fe and Cu in the reagent blanks in total analytical steps were found to be 200, 100, 50, 50 and 10 ng/ml with standard deviations of 27, 17, 8, 6 and 1.5, respectively. Therefore, the detection limits for these elements, defined as three times the s values of blanks were calculated as 81, 51, 24, 18 and 4.5 ng/ ml. As related with precision, the standard deviations for 10 replications of the same hair samples were found to be less than 10% for all studied elements.
Calibration curves were obtained by using solutions of the studied elements at different concentrations. The graphs obtained were linear in the concentration range and the equations ofthe curves are described as follows: -Y = 0.3278X -0. 
Effect of acid mixtures and digestion procedures on the recovery
The dried hair samples were digested with 1 ml ofthe various mixtures of acids. The obtained results for microwave (using 450 W for 6 min) and wet digestion procedures were given in Table 2 .
These results show that the mixture of 1:1 HNO3/H2O2 is better than the other acid mixtures. Moreover, it can be seen that microwave digestion procedure is better than wet digestion procedure.
Effects ofthe other parameters on the recovery
Various parameters were optimized for mineralization of the same hair samples including radiation time and pretreatment procedure. The radiation time was changed from 4 to 16 min. The results obtained indicate that 6 min radiation time is sufficient to complete mineralization by using microwave energy at 450 W without pretreatment (Table 3) .
To apply the pretreatment procedure, different portions ofthe same hair samples were predigested by adding 1 ml of 1:1 HNO3/H2O2 mixture in a water batch for 30 min. Then, the mixture was transferred to Teflon bomb and radiated in microwave oven. The obtained results were given in Table 3 . Shrestha and Oswaldo [1987] reported mean Ca, Mg, Zn, Fe and Cu contents of 762 (894), 128 (368), 204 (145), 21.5 (26) and 15.7 (18) |ig/g in normal hair (for epilepsy in parenthesis) ofthe male group (n = 47), and 841 (879), 120(344), 187(137), 22 (24) and 17(14) ng/g in normal hair ofthe female (n = 54) group, respectively. In their study, significant increases in Ca and Mg levels for epilepsy samples were observed while Zn levels decreases compared to the normal hair samples. Ryan et al. [ 1978] reported mean concentrations of 308, 154 and 29 ng/g for Ca, Zn and Cu in scalp hair of eontrol subjects (n = 42), and 264, 162 and 11 ng/g in scalp hair of individuals (n = 40) with multiple sclerosis (MS) disease, respectively. Ashraf et al. [ 1994a] determined average Ca, Mg, Fe and Cu values of 6,090,1,150,107 and 22 ng/g in hair of Pakistan residents (n = 87). They observed the following order of decreasing concentration: Ca > Mg > Fe > Cu for female subjects, and Ca > Mg > Cu > Fe for male subjects. Similar results were also found in the present study for control group (Table 4) . DeAntonio et al. [1982] reported mean Ca, Mg, Zn, Fe, and Cu contents (ranges in parenthesis) of 885 (38 -3,840), 121 (10-1010), 155 (90-294), 37 (22-77), and 45 (17 -98) |xg/g, respectively, in sealp hair samples of normal USA residents (n = 67). Rao et al. [2002] determined Zn, Cu and Fe concentrations in ranges of 45 -124,22 -88 and 30-69 |ig/g, respeetively, in hair samples of normal Indian residents (n = 20). Gibson [1984] determined mean Zn and Cu levels of 156 and 13 |xg/g, respectively, in hair of normal Canadian people (n = 86).
Analysis of trace elements in human scalp hair samples
Bermejo-Barrera et al. [1998] determined mean Ca, Mg, Zn, and Cu contents of 257,44, 155 and 34 i^g/g, respeetively, in scalp hair samples from normal Spanish people (n = 25). Ashraf et al. [1994b] reported mean Zn content of 170 (between 27 and 405) ng/g in hair samples taken from workers of autoworkshops. Chatterjee etal. [1993] reported Zn, Fe and Cu coneentrations in ranges of 142 -171, 145-235 and 16-26 ng/g, respectively, in sealp hair of control people (n = 24) while the corresponding levels for radiographers' hair were in ranges of 189 -383, 168 -595, and 29 -124, respectively. In the present study, the observed concentrations of Ca, Mg, Zn, Fe and Cu in scalp hair of epileptic and healthy subjects are shown in Tables 4 and 5 . It is clearly observed that the average concentrations of Ca, Mg and Fe in the female group are higher (p = 0.368 for Ca, p = 0.001 for Mg and p = 0.015 for Fe) than in the male group of control subjects. In the epileptic group, similar results with expectation of Fe were found. On the other hand, the mean levels of Cu in scalp hair of male subjects were observed higher than in the female subjects for both control (p = 0.45) and epileptic (p = 0.30) groups.
The levels of some elements in epileptic and controls groups were compared from the data in Tables 4 and 5 . The mean levels of Cu and Fe in hair of both epileptie males and females groups were found lower than in the control group. Significant decreases in Cu (p = 0.43 for male and p = 0.004 for female) and Fe (p = 0.26 for male and p = 0.002 for female) were found. On the other hand, the mean levels of Fe and Zn in hair samples of epileptic male and female subjects were observed quite close. The mean Mg content in the hair of epileptic male group was observed to be higher than in the control male group while contradictory results were found for female group.
The eoncentrations observed of the studied elements for both eontrol and epileptie group in the present study are similar to the values reported by Shrestha and Oswaldo [1987] except Fe and Cu. Furthermore, the levels ofthe studied elements in this work for both control and epileptie subjects match well with the values reported for healthy children and those with mental retardation by Shrestha and Carrera [1988] . They also found significant lower Fe, Mg and Cu and higher Ca concentrations in hair of mentally retarded subjects compared with the control group. Similar results for Cu and Fe in hair of epileptic subjects in this study were observed. Although the concentrations of Cu (8 -36 |ig/g) determined for control group in the present study are lower than the results reported by most authors cited above, these levels match well with the values obtained by Rao et al. [2002] and Skumar and Subramanian [1992] .
The Zn contents (20 -404 ng/g) determined for the control group in this study match well with the values reported by Shrestha and Oswaldo [1982] , Sky-Peck [1990] , DeAntonio et al. [1982] , and Skumar and Subramanian [1992] .
The Mg levels (94 -844 ng/g) determined for the control group in the present study are higher than the analytical values reported in the literature cited above except for Ashraf et al. [1994a] .
The Ca contents (510 -2626 ng/g) reported for the control group in this study are similar to the values reported by Shrestha and Oswaldo [1987] , Wecker et al. [1985] , DeAntonio et al. [1982] , Bermejo-Barrera et al. [1998] and Sky- Peck [ 1990] , higher than the values reported by Ryan et al. [1978] , and lower than the values determined by Ashraf et al. [1994a] .
Normal element concentration ranged for human hair between 350 and 860 for Ca, 40 and 110 for Mg, 6 and 15 for Fe, 125 and 165 for Zn and 13 to 35 for Cu [Chojnacka et al. 2005]. Afridi etal. [2006] observed that mean iron and Zn eoncentrations in scalp hair of hypertensive patients were lower than in the normal subjects. It was reported that the ratios of metals to each others may have diagnostic and/or prognostic value in diseases including cancer although this is not yet proven. However, the ratio of Cu and Zn (Cu/Zn) has widely been utilized to the assisted diagnosis of various cancers or tumors [Yaman 2006 ]. In the present study, it was found that the ratio of Cu/Fe for the epilepsy female group were about 2-times higher than for the normal female group, while the decrease dependence was observed for the male group (Table 6 ). The Mg/Fe ratios in the hair of epileptic male and female subjects were found higher (p = 0.40 for male and p = 0.0007 for female) than in nornial subjects. The average value of Mg/Fc ratio in females was found higher than in those of male group for epileptic subjects while the slight decrease was observed for the control group. Similarly, the mean value of Mg/Zn ratios in females was found 2-times higher than in those of male group for both epileptic and control subjects.
Conclusions
A rapid, efficient and practical digestion method was optimized to determine the con- Table 6 . The ratios of metals in hair samples for control and epilepsy subjects. centration of metals in hair matrix. It was achieved by using the mixture of HNO3/H2O2 (1:1) and the period of 6 min in microwave oven. The validity ofthe procedure was confirmed by the recoveries obtained for the studied elements, at least 90%.
Significantly lower levels of Fe and Cu in scalp hair of epileptic people were observed compared with those of normal healthy subjects. The levels of Ca and Zn in hair of epileptie and normal subjects were found quite close together. The mean content of Mg in the hair of epileptic males was a slightly higher than in the normal male subjects, but the Mg levels ofthe epileptie female group are slightly lower than that of eontrol group. Lower concentration of Fe and Cu in epileptic patients indicates that there might be some disorder in the metabolism of Fe and Cu in epileptic people. The ratios of Cu/Fe for the epilepsy male group were found 2.0-times higher than for normal group.
